INTRODUCTION
The mammalian nonapeptide hormones vasopressin and oxytocin are synthesized from precursor mole¬ cules encoded by closely related genes (Richter, 1985; Ivell, 1986) . The two genes are expressed in distinct populations of highly differentiated neurosecretory cells: the magnocellular neurones of the supraoptic (SON) and paraventricular (PVN) nuclei of the hypothalamus (Mohr, Bahnsen, Kiessling & Richter, 1988) . In the rat, the most thoroughly studied system to date, the expression of the vasopressin and oxytocin genes is an early event in the differentiation of these cells. Neurophysinimmunoreactive material is already present at fetal day (FD) 16, before the first neurosecretory neu¬ rones can be identified by their ultrastructural features (Castel, Gainer & Dellmann, 1984) . Using in-situ hybridization techniques, vasopressin-encoding mRNA is detectable around FD 15-16, and oxytocin-specific transcripts between FD 17 and 19 (Fehr, Schmale & Richter, 1989; Laurant, Hindelang, Klein et al. 1989 ). Accumulation of the vasopressin and oxytocin transcripts increases throughout subsequent pre-and postnatal develop¬ ment, reaching adult levels around postnatal day 30 (Almazan, Lefebvre & Zingg, 1989; Fehr et al. 1989 ).
Northern blot analysis revealed that vasopressin and oxytocin transcripts are subject to tissue-and cell-specific differential polyadenylation processes in the rat (Ivell, Schmale, Krisch et al. 1986 ; Carrazana, Pasieka & Majzoub, 1988; Robinson, Frim, Schwartz & Majzoub, 1988; Zingg, Lefebvre & Almazan, 1988; Fehr et al. 1989 ). Vasopressin and oxytocin mRNAs from rat hypothalami contained longer poly(A) tails than those from peripheral organs (adrenal gland, testis and ovary). In the case of the mutant vasopressin precursor-encoding trans¬ cripts of Brattleboro rats, the length of the poly(A) tail increased during development, being signifi¬ cantly longer in adult than in early postnatal animals (Fehr et al. 1989 ).
This hitherto poorly understood differential poly¬ adenylation process might be correlated with stimuli evoking up-regulation in the transcription of the vasopressin and/or oxytocin genes. This is sup¬ ported by recent findings that, in rats, osmotic stress stimulates transcription of the vasopressin gene, yielding concomitantly vasopressin-encoding trans¬ cripts with longer poly(A) tails (Carrazana et al. 1988; Zingg et al. 1988) . Also, the longer poly(A) tails of the mutant vasopressin mRNA in adult compared with that in infant Brattleboro rats may be related to the more pronounced osmotic stress occurring in the mature animals (Fehr et al. 1989 ).
On the other hand, triggering of oxytocin gene expression at the onset of the luteolytic cycle in cows does not effect the length of the poly(A) tail (Ivell & Richter, 1984) (Rehbein et al. 1986 ) and compared with the previously obtained sequence for lysine vasopressin-encoding cDNA (Fig. 1) .
Preparation of the labelled cDNA probes To construct a vasopressin-specific cDNA probe (vasopressin-3'), a fragment comprising the last 220 bp of the vasopressin cDNA ( Fig. 1 ) plus 16 GC bp plus 8 bp derived from the vector was excised with Nael/Hindlll from the original cDNA clone and inserted into pUC 9 previously digested with Smal and Hindlll restriction endonucleases (Boehringer Mannheim GmbH, Mannheim, F.R.G.). An oxyto¬ cin-specific cDNA probe (oxytocin-3') was con¬ structed in an analogous fashion from the last 186 bp of the oxytocin cDNA (Fig. 1) . The clone BL 95, specific for the immunoglobulin heavy chain-bind¬ ing protein (BiP) (Haas & Meo, 1988) (Ivell & Richter, 1984) with the addition of 1 ng probe/ml. Blots were finally washed at 65°C in 0-2 x SSC (lxSSC is 0-15 m sodium chlori¬ de/0-015 M tri-sodium citrate)/0-l % (w/v) sodium dodecyl sulphate (SDS) (oxytocin-3' and vasopres¬ sin-3' probes), or at 50°C in 2xSSC/0-l% SDS (BiP probe) for 30 min before autoradiography. If the blots were successively hybridized with two different probes, the first probe was removed before the second hybridization by boiling the membranes for 20 min in 01xSSC/l% SDS. Complete re¬ moval of probe was checked by autoradiography.
Poly(A) tails were removed from the mRNA molecules by incubating 10 (ig total RNA with figure 2. Northern blot analysis of the porcine hypothalamic oxytocin (OT) and lysine vasopressin (VP) precursor mRNAs at different developmental stages, (a) Total RNA from adult porcine hypothalamus was hybridized successively to the VP-specific cDNA fragment and to the OT-specific cDNA fragment, (b and c) Total RNA from different stages (b) before and (c) after removal of poly(A) tails with RNase H was hybridized successively to the OTspecific probe (OT-3') and to the VP-specific probe (VP-3'). Lane 1, total RNA from adult porcine brain cortex; lane 2, total RNA from fetal day (FD) 0-2 ng oligo (dT) (Pharmacia, Uppsala, Sweden) and 1 unit RNase H (Gibco/BRL GmbH) as described previously (Ivell & Richter, 1984) .
RESULTS
The sequence of the cDNA and the predicted prepro-oxytocin precursor presented in Fig. 1 shows considerable homology with the previously pub¬ lished sequences for bovine, rat and human oxytocin precursors (Rehbein et al. 1986 ). As in calf, rat and man, the degree of homology between the porcine oxytocin and lysine vasopressin precursor mRNAs is lowest in the 3' region. The vasopressin-and oxytocin-specific fragments were therefore con¬ structed from the 3' region of the two cDNAs and probed with porcine total hypothalamic RNA. Northern blot analysis of this RNA fraction isolated from adult animals gave rise to bands of 980 bases for vasopressin-and 900 bases for oxytocin-encoding mRNA (Fig. 2a) Fig. 2b and c ; lanes 4 and 5, left panels). The lengths of the mRNAs were determined by comparison with the co-electrophoresed glyoxalated RNA standards indicated in Fig. lb . The lengths of the poly(A) tails were calculated from the difference between the lengths of the adenylated and deadenylated mRNAs (Fig. 26 and c) .
and 840 and 890 bases for vasopressin transcripts ( Table 1 ). The differently sized mRNAs at this early stage of neuronal development may well be due to slight differences in the degree of maturation of individual fetuses. An artifact produced by RNA degradation can be excluded since the BiP-encoding mRNA control appeared undegraded in the same preparations (Fig. 4) .
Oxytocin and vasopressin mRNAs from the later developmental stages showed increases in length, culminating with the adult stage at which transcripts were extended by some 190 bases (oxytocin) and 140 bases (vasopressin) (Haas & Meo, 1988 (Fig. 2c) . The identical size of the RNaseprotected fragments (Fig. 3) (Fig. 4) .
Comparison of the increase in adenylation of oxytocin-and vasopressin-encoding mRNAs throughout development reveals a more pronounced effect for oxytocin transcripts compared with trans¬ cripts for vasopressin ( (Ivell & Richter, 1984) and rat adrenal gland and testes (Ivell et ). It has also been shown that the mutant gene transcript is under developmental control, with longer poly(A) tails being present in adults than in early postnatal animals (Fehr et al. 1989) . Circadian variations in the length of the vasopressin mRNA have been observed in the parvocellular neurones of the suprachiasmatic nu¬ cleus (Robinson et al. 1988 ). Here, the levels of vasopressin gene transcripts fluctuate in a 24-h cycle, being highest during the daytime, which is reflected in hormone concentrations oscillating in cerebrospinal fluid (Uhl & Reppert, 1986 
